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FOREWORD 


This  report  was  prepared  by  Panametrics,  Inc.  ,  Waltham, 
Massachusetts,  on  Air  Force  Contract  AF  33(6l5)-3646,  "Develop¬ 
ment  of  a  Hazardous  Vapor  Detection  System  for  Advanced  Aircraft.  " 
The  contract  was  initiated  under  Project  No.  3048,  Task  No.  304807. 
The  v/ork  was  administered  under  the  direction  of  Fuels,  Lubrication, 
and  Hazards  Branch,  Support  Technology  Division,  Air  Force  Aero 
Propulsion  Laboratory.  Mr.  Jon  R.  Manheim  (APFL)  served  as 
project  engineer  for  the  Laboratory. 

This  supplementary  report  is  divided  into  two  parts.  The  first 
part  concerns  the  field  evaluation  of  a  hazardous  vapor  detection 
system  for  advanced  aircraft.  The  development  and  construction  of 
this  system  has  been  described  in  detail  in  AFAPL- TR-67- 123, 
"Development  of  a  Hazardous  Vapor  Detection  System  for  Advanced 
Aircraft."  The  second  part  of  this  report  concerns  the  results  ob¬ 
tained  during  the  investigation  of  osmium  Kryptonate  as  a  potential 
sensor  for  the  detection  of  oxygen  in  the  ullage  space  of  fuel  tanks 
aboard  advanced  aircraft. 

The  studies  presented  here  were  conducted  in  the  period 
1  September  1967  through  31  March  1968,  by  the  Chemistry  Depart¬ 
ment  of  Panametrics,  Inc.  ,  Dr.  Philip  Goodman,  Director.  Mr. 
Orlando  Cucchiara  was  the  principal  investigator. 

This  report  was  submitted  by  the  authors  June  1968. 

This  technical  report  has  been  reviewed  and  is  approved. 


V. 

Arthur  V.  Churchill,  Chief 
Fuels,  Lubrication  and 
Hazards  Branch 

AF  Aero  Propulsion  Laboratory 
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ABSTRACT 


This  report  covers  two  separate  and  distinct  efforts  associated 
with  the  evaluation  of  hazardous  vapors  aboard  advanced  aircraft. 

Part  I  is  concerned  with  an  experimental  evaluation  of  prototype 
instruments  based  on  a  catalytic  oxidation  technique  for  the  detection  of 
hydrocarbon  vapors  aboard  advanced  aircraft. 

Two  hydrocarbon  vapor  probes  were  placed  in  the  engine  com¬ 
partments  of  a  .TT-12  engine  housed  in  a  wind  tunnel.  The  response  cf 
tire  probes  to  controlled  leakages  of  JP-4  fuel  under  varying  ungine 
operating  conditions  was  ascertained. 

The  prototype  instruments  operated  completely  satisfactorily. 
Reproducible  results  under  identical  engine  operating  conditions  were 
attained.  Response  times  were  of  the  order  of  two  seconds  and  the 
lower  limit  of  detection  was  approximately  0.  3%  of  the  lowor  inflam¬ 
mability  limit  for  JP-4. 

(ft)* 

Part  II  is  concerned  with  the  evaluation  of  osmium  Kryptunate'-y 
for  tile  detection  of  oxygen  in  the  ullage  space  of  fuel  tanks  aboard  ad¬ 
vanced  aircraft.  Sensitivities  adequate  to  cover  the  oxygon  concentra¬ 
tion  range  of  interest  (0.  5%  -  40.  0%  C^v/v)  were  attained  at  a  sensor 
operating  temperature  of  600°F.  The  response  of  the  sensor  to  oxygen 
was  independent  of  JP-6  vapor  concentration.  Lifetimes  attained  during 
this  investigation  were  of  tile  order  of  140%  0»  -  min  to  300%  C>2  -  min. 
Methods  for  increasing  this  lifetime  are  indicated  and  are  within  the 
present  utate-of-tho-art. 


*A  registered  trademark  of  Panametrica,  Inc. 
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PART  I 


EVALUATION  OF  A  HAZARDOUS  VAPOR 
DETECTION  SYSTEM  FOR  ADVANCED  AIRCRAFT 


PART  I 


SECTION  I 
INTRODUCTION 

During  the  period  March  1966  through  1  September  1967,  proto¬ 
type  instruments  of  a  hazardous  vapor  detection  system  for  advanced 
aircraft  were  designed,  constructed  and  laboratory  tested.  These  in¬ 
struments  were  developed  for  tire  detection  of  JP-6  fuel  in  advanced 
aircraft  engine  compartments  and  for  oxygen  in  the  ullage  spaces  in  the 
fuel  tanks  of  such  aircraft.  Detection  of  both  species  is  accomplished 
by  the  use  of  a  catalyst  coated  thermistor  sensor.  Catalytic  oxidation 
occurring  at  the  catalyst  surface  liberates  heat,  which  is  sensed  by  tire 
thermistor.  The  JP-6  detector  is  simple  in  concept  requiring  only  a 
detecting  probe  and  associated  electronics,  whereas  tire  oxygen  detector 
additionally  requires  a  gaseous  flow  system,  a  trap  to  remove  JP-6 
vapor  and  the  introduction  of  isobutano  as  tire  combustion  fuel.  These 
instruments  have  performed  satisfactorily  and  reliably  during  the 
numerous  laboratory  experiments  necessary  for  development,  design 
and  testing.  The  detailed  results  of  this  development  phase  are  re¬ 
ported  in  AFAPL-TR -67-123. 

The  purpose  of  tins  report  iu  to  present  the  rosults  obtained 
during  the  field  testing  of  these  instrument s.  because  ol  tire  additional 
complexity  of  thu  oxygen  detection  instrument,  ihu  lack  of  proper  field 
testing  facilities,  aud  the  lack  of  time,  it  was  decided  by  the  Wright- 
Patterson  Project  Engineer  to  field  test  thu  JP-6  instruments  only. 

The  tests  described  in  this  report  wore  conducted  at  Natioznal 
Aviation  Facilities  Experimental  Center,  Atlantic  Cily,  New  Jersey, 
utilizing  the  available  wind  tunnel  facilities.  Two  JP-6  probes  were 
mounted  at  various  locations  within  the  engine  compartment  of  a  JT-12 
jet  engine.  The  JP-6  probes  were  connected  via  electrical  cable  to  the 
auxiliary  electronics  and  readout  located  iu  tire  control  room  of  the  wind 
tunnel.  Over  forty  runs  were  conducted  under  varying  conditions  of 
engine  speed,  engine  temperature,  engine  pressures,  fuel  leakage  rates, 
etc.  The  results  of  these  tests  indicated  that  the  JP-6  instrumentation 
operated  extremely  satisfactorily,  indicating  at  all  times  the  gaseous 
fuel  concciitraviou  within  tiro  proximity  of  the  probes. 


SECTION  II 


tech  i'll  c;;al  discussion 

The  evaluation  of  the  JP-6  instruments  was  originally  to  bo  con¬ 
ducted  by  in-flight  tests  aboard  selected  aircraft.  It  was  decided  by 
WPAFB  personnel  not  to  conduct  in- flight  tests,  but  rather  to  utilize 
ground  base  installations  in  its  stead.  This  decision  was  based  primarily 
on  two  facts:  the  difficulty  in  obtaining  test  aircraft  during  the  allotted 
test  period,  and  second,  further  ground  testing  was  desirable  to  insuru 
that  the  detector  probe  itself  did  not  consitute  an  explosive  hazard  at 
high  ambient  temperatures.  As  a  result,  all  tests  were  conducted  at  the 
wind  tunnel  site  at  NAFEC,  Atlantic  City,  N.  J.,  utilizing  a  JT-12  jet 
engine.  This  report  presents  the  results  attained  during  these  tests. 

A  complete  description  of  the  hazardous  vapor  detection  system 
. ,  is  presented  in  AFAPL-TR -67-123  '‘Development  of  a  Hazardous  Vapor 
'.Detection  System  for  Advanced  Aircraft.  "  However,  for  the  purposes 
iOf  clarity  a  brief  description  of  the  instrument  including  its  operating 
principles  and  capabilities  will  be  presented  first.  The  report  will  then, 
present  the  tests  conducted,  results  of  the  tests  and  a  discussion  of  the 
results. 

‘  *•  '•  '  • 

A.  Background  >> 

The  hazardous  vapor  detection  system  developed  operates  on  the 
principle  of  catalytic  thermal  detection.  During  the  catalytic  oxidation 
of  a  binary  gas  system,  the  heat  liberated  at  the  surface  of  a  catalyst 
coated  thermistor  is  proportional  to  tire  gas-phase  concentration  of  the 
minor  reactant.  This  principle  was  employed  for  the  detection  of  both 
JP-6  vapors  in  engine  compartment*1  (oxygen  in  oxcess)  as  well  as  for 
oxygen  in  the  ullage  space  of  fuel  tanks  (isobutane  in  oxcobs).  However, 
this  report  will  be  concerned  only  with  the  detection  of  JP-6  vapors. 

For  a  complete  detailed  description  on  the  employment  and  instrumentation 
necessary  for  the  detection  of  oxygen,  it  is  suggested  that  the  reader  refer 
to  AFAPE-TR -67-123. 

The  JP-6  detector  consists  basically  of  a  probe  housing  three 
thermistors,  a  control  box  for  bridge  circuits,  temperature  control, 
readout,  etc. ,  and  an  alarm  box.  These-three  units  are  interconnected 
by  electrical  cable  to  provide  for  a  complete  system.  Important  aspects 
of  the  operating  principle  and  the  instrument  description  are  presented 
below. 
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1.  Operating  Principle 


A  number  of  gas -phase  reactions  proceed  at  extremely  alow 
rates  unless  they  are  catalyzed  by  certain  solid  materials.  Catalysts 
usually  exert  their  effect  by  a  selective  adsorption  process  in  which 
molecules  of  oue  or  more  of  the  gaseous  species  are  held  at  particular 
sites  in  configurations  which  make  them  highly  susceptible  to  reaction. 

If  such  a  reaction  is  exothermic,  then  heat  will  be  liberated 
at  the  reaction  site  at  a  rate  which  is  proportional  to  the  reaction  occur¬ 
ring.  By  measuring  the  liberated  heat,  it  becomes  possible  to  estimate 
the  relative  rate  of  reaction,  and  as  often  happens  when  one  reactant  is 
present  in  excess,  this  rate  of  reaction  is  directly  proportional  to  the 
minor  gas-phase  concentration. 

In  gaseous  hydrocarbon-oxygen  mixtures,  it  is  found  that  the 
oxidation  rate  ol  the  hydrocarbon  is  usually  quite  low  unless  very  high 
temperatures  or  an  initiation  procuss  are  present.  However,  by  allow¬ 
ing  the  reaction  to  occur  at  a  catalytic  surface,  ruuctiou  rate  is  greatly 
increased  and  a  sizable  amount  oi  heat  is  liberated.  Surprisingly  largo 
amounts  el'  heat  energy  are  available  in  even  seemingly  very  dilute 
hydrocarbon-oxygon  mixtures.  If  even  a  small  fraction  el  this  energy 
is  tapped,  a  very  sensitive  detection  technique  would  result. 

By  utilizing  a  thermistor,  coated  with  a  catalyst,  the  liberated 
heat  dee  to  catalytic  oxidation  can  be  measured  conveniently.  The  in¬ 
strument  developed  employs  platinum  black,  a  very  linuly  divided  form 
of  platinum  metal,  as  the  catalyst.  Thermistors  typically  have  a  relatively 
large  negative  temperature  coefficient  of  electrical  resistance,  varying  by 
several  percent  for  a  change  of  1  C.  The  thermistors'  large  tempera¬ 
ture  coefficients  allow  extremely  sensitive  measurements  of  small  tem¬ 
perature  differentials.  By  employing  two  thermistors  in  a  typical 
Wheatstone  Bridge  circuit,  small  changes  in  thermistor  resistance 
are  readily  detected. 

The  above  describes  briefly  the  operating  principle  used  in  the 
hazardous  vapor  detection  system  developed. 

2.  Instrument  Description 

The  sensing  probes  developed  for  the  prototype  instruments 
consist  of  three  thermistors  imbedded  in  a  brass  block.  The  block  is 
heated  by  means  of  a  small  cartridge-type  heater.  Two  of  the  three 


thermistors  were  "matched  pairs,"  i,  o. ,  tire  selected  pairs  matched 
each  other  to  within  0.  5%  over  the  temperature  range  290°C  to  310°C. 
The  probe  was  designed  always  to  operate  in  this  region,  and  hence  this 
is  the  only  temperature  range  ol"  concern  as  regards  matching  of  the 
thermistor  pairs.  One  of  the  matched  thermistors  is  coated  with  the 
catalyst  consisting  of  an  equal  mixture  of  platinum  black  and  silica  gel 
"G.  "  The  silica  gel  "G"  serves  to  form  an  adherent  coating  to  the  ther¬ 
mistor  surface.  This  coating  will  not  shako  off,  although  it  can  be 
rubbed  off. 


The  third  thermistor  is  utilised  lor  controlling  the  cartridge- 
heater  power,  in  order  that  the  heated  block  will  remain  at  constant 
temperature  under  varying  ambient  conditions.  This  thermistor  is 
connected  to  a  proportional  controller,  which  automatically  adjusts  the 
heater  power  to  maintain  it  at  a  constant  resistance. 

Indirect  heating  of  tliu  thermistors  rather  than  resistive  heating 
was  employed  in  order  to  cover  a  greater  range  of  signals  at  the  high  am¬ 
bient  temperatures  and  to  eliminate  the  possibility  of  "hot  spots,"  partic¬ 
ularly  at  the  thormistor-luad  wire  interface. 

The  sensing  probe  is  connected  by  cable  to  a  control  box  contain¬ 
ing  tiie  temperature  control,  bridge  circuits,  visual  readout,  as  well  as  a 
recorder  output.  An  Ovon  Industries  proportional  temperature  controller 
was  used  to  regulate  the  power  to  the  cartridge -houtur .  A  Whoutatonu 
bridge  circuit  was  used  to  measure  the  imbalance  of  the  matched  thermis¬ 
tors  causud  by  the  reaction  oi  the  hydrocarbon  vapors  on  the  surface  of  the 
catalyst  coated  thermistor.  A  regulated  power  supply  Accepts  a  lib  volt 
400  H7.  input,  yielding  a  dc  output  of  10  volts.  Tho  instrument  sensitivity 
is  determined  by  tho  portion  of  tiiis  voltage  which  is  applied  tu  the  bridge; 
this  is  adjustable  by  means  oi  a  potentiometer.  The  bridge  output  signal 
is  displayed  un  a  0-bpa  motor  relay  which  is  also  used  to  operate  an  alarm. 
Thu  voltage  developed  across  the  motor  is  alsu  available  as  a  recorder 
output.  Thu  impedance  of  the  motor  is  JO,  UOU  oluns;  therefore  full  scale 
(bpn)  corresponds  to  a  recorder  output  oi  bU  mv. 

Tlie  control  box  serves  as  a  dual  unit,  containing  the  necessary 
circuitry  and  controls  for  operating  both  a  JP-6  dutuctor  and  an  oxygon 
detector  simultaneously.  The  box  contains  two  identical  bridge  circuits 
and  readouts  which  operate,  with  individually  adjustable  input  voltages, 
from  a  common  dc  power  supply.  Similarly,  there  are  individual  heater 
controllers  for  the  two  sensors.  In  tho  tests  discussed  below  only  the 
JP-6  portion  of  tho  control  bux  with  the  eurr expending  JP-6  probe  wore 
used. 
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B.  Teat  Facilities 


Three  complete  hydrocarbon  and  oxygen  vapor  detection  systems 
were  constructed.  One  hydrocarbon  and  oxygen  vapor  detection  system 
was  delivered  to  WPAFB  for  in-house  analysis.  The  remaining  two  in¬ 
struments  were  delivered  to  the  wind  tunnel  facility  at  NAFEC,  Atlantic 
City,  N.  J.  ,  for  testing  their  ability  to  detect  hydrocarbon  vapors  in  a 
Jl-12  engine  under  actual  operating  conditions. 

The  Five-Foot  Fire  Test  Tunnel  Facility  located  at  NAFEC  is  a 
fixed  installation  consisting  of  an  open- circuit,  induction-type  wind  tunnel; 
an  engine  room  containing  two  turbojet  aircraft  engines;  an  operation  area; 
and  an  instrumentation  buildup  area.  The  test  tunnel  is  a  subsonic  wind 
tunnel  powered  by  two  Pratt  and  Whitney  J-57-519W  turbojet  aircraft 
engines.  This  facility  is  used  to  fire-test  small  aircraft  engines  and 
aircraft  components  under  conditions  which  simulate  actual  in-flight 
fires.  It  is  also  used  to  test  and  evaluate  fire  detection  systems  and 
lire  extinguishing  systems  of  the  types  used  to  extinguish  in-flight  fires 
that  are  subjected  to  high-velocity  air  movement.  These  tests  are  per¬ 
formed  in  a  5- foot  diameter  test  section  of  the  wind  tunnel  by  using  either 
tile  actual  components  or  scale  models. 

A  Pratt  and  Whitney  JT-12  turbojet  engine  was  mounted  in  the  test 
section  c  <’  the  wind  tunnel.  This  engine  as  well  as  the  wind  tunnel  is  in¬ 
strumented  to  provide  velocity,  temperature,  pressure,  engine  speed,  etc. 
in  addition,  the  JT-12  engine  is  provided  with  a  JP-4  fuel  flow  system  to 
simulate  a  leakage  of  fuel  within  the  accessory  compartment  of  the  engine. 

Two  hydrocarbon  detection  probes  were  mounted  at  various  loca¬ 
tions  within  the  JT-12  engine  and  their  capability  of  detecting  hydrocarbon 
fuel  vapors  under  simulated  flight  conditions  were  ascertained. 


Tout  Conditions 


Two  probes  (Probe  #2  and  Probe  #4)  were  mounted  at  several 
different  locations  within  Zone  II  of  the  engine  compartment  of  the  JT-12 
engine.  Simple  angle  brackets  with  nut  and  bolt  attachments  were  used 
to  damp  the  probes  to  the  interior  engine  surfaces.  The  probes  were 
connected  by  cable  to  their  respective  control  boxes  located  in  the  control 
room  of  the  wind  tunnel.  The  engine  itself  is  instrumented  so  that  perti¬ 
nent  parameters  {temperatures,  pressures,  engine  speed,  etc.),  which 


might  affect  the  response  of  the  j  P-6  sensors,  could  be  monitored, 
engine  was  also  provided  with  equipment  to  enable  injection  of 


The 


hydrocarbon  fuel  within  the  engine  compartments.  By  changing  the  fuel 
injector  nozzle,  or  increasing  the  time  the  fuel  was  left  on,  it  was  pos¬ 
sible  to  vary  the  quantity  of  fuel  being  injected  into  the  engine  compart¬ 
ment. 


The  JT-12  engine  operated  on  JP-4  fuel.  Since  the  probes  had 
been  originally  calibrated  for  JP-6  fuel,  recalibration  was  necessary. 

The  probes  were  calibrated  using  a  bubbler  arrangement  from  which 
saturated  JP-4  vapor  was  attained.  The  concentration  by  weight  of  the 
JP-4  in  the  gas  issuing  from  the  bubbler  was  determined  by  condensa¬ 
tion  (in  a  cold  trap)  and  subsequent  weighing.  Sensitivities  of  the  instru- 
‘ments  were  set  so  that  50  mv  (full  scale)  corresponded  to  10%  by  weight 
of  JP-4.  Because  of  the  variable  molecular  weight  of  JP-4,  the  volume 
percentage  can  only  be  estimated.  Assuming  an  "average"  molecular 
weight  of  100  for  JP-4,  then  10%  by  weight  corresponds  to  2.  9%  by  volume. 

Prior  to  actual  engine  installation,  the  meter  readings  for  both 
probes  were  nulled  to  zero.  After  installation,  and  without  any  engino 
power,  a  "background"  reading  of  approximately  2- 5  millivolts  was 
observed,  indicating  a  residual  hydrocarbon  vapor  in  the  engine  com¬ 
partment  prior  to  actual  fuel  injection.  During  engine  operation,  but 
still  prior  to  fuel  injection,  this  "background"  reading  decreased  to 
0-2  mv.  When  the  desired  engine  power  was  attained,  this  "background" 
was  nulled  to  zero.  This  nulling  procedure  was  employed  prior  to  uacli 
run. 

During  the  tests,  a  high  input  impedance  recorder  compatible 
with  the  detector  output  was  not  available.  As  a  result,  manual  record¬ 
ing  of  the  signal  as  a  function  of  time  was  necessary.  Thu  muter  read¬ 
ing  was  recorded  at  5  second  intervals  using  a  stopwatch  as  a  timer. 

In  general,  this  technique  proved  satisfactory.  However,  a  certain 
amount  of  data  was  unavoidably  lost,  especially  when  rapid  changes  in 
signal,  due  to  rapid  concentration  fluctuations,  occurred, 

D.  Results 

The  results  attained  during  the  tests  conducted  at  WAPDC  are 
shown  in  the  following  tables.  The  first  table  in  each  set  presents  the 
engine  conditions  while  the  second  set  presents  the  signal  attained  with 
1  the  probes  as  a  function  of  time  for  each  run.  Pertinent  notes  regard¬ 
ing  the  data  attainment  and  the  results  are  provided  at  the  conclusion 
Of  each  set  of  tables. 


Two  probes  were  utilized  throughout  these  tests.  These  probes 
were  designated  probe  #2  and  probe  #4  associated  with  control  box  #1 
and  control  box  #2  respectively.  Both  probes  were  located  within  Zone 
II  of  the  engine.  The  fuel  injector  nozzle  was  always  located  at  a  dis¬ 
tance  of  ten  inches  forward  of  Zone  II  at  6  o'clock. 
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NOTES  TO  TABLE  I  AND  TABLE  II 


Probe  $ 2  was  located  in  the  accessory  compartment,  Lift,  at 
5o' clock  a  distance  of  32  in.  from  the  fuel  injector  nozzle.  Probe  #4 
was  located  at  the  midpoint  of  the  louvre  at  12  o‘  clock.  The  probes 
were  mounted  horizontal  to  the  longitudinal  a>d»  of  the  engine. 

P.uns  #1  through  #16  v/ere  conducted  with  the  bleed  valve  opened. 
Since  it  was  apparent  that  very  little  fuel  was  reaching  the  louvre  area, 
an  additional  run  was  conducted  with  the  bleed  valve  closed,  in  order 
to  increase  the  JP-4  concenti-alion  in  that  area.  At  the  conclusion  of 
run  #17,  the  probes  were  removed,  inspected  and  tested  with  known 
concentrations  of  JP-4.  Probe  #4  had  retained  its  integrity  as  well  a  s 
its  calibration.  Probe  #2  was  found  to  be  insensitive  to  JP-4  vapors. 
Close  Inspection  revealed  that  the  catalyst  coating  had  washed  off  the 
surface  of  the  thermistor  and  was  the  result  ox  direct  impregnation  of 
liquid  fuel  into  the  probe  housing.  From  the  results,  it  appears  that 
this  "washing  off"  occurred  during  run  #15.  The  results  obtained  with 
probe  #2  froi  run  ill  through  run  #14  are  believed  valid.  Results 
obtained  with  robe  #4  are  believed  valid  for  all  runs. 

i  ’ 

Probe  #2  was  vecoaied  with  catalyst  and  recalibrated  for  future 
runs.  Calibration  was  maintained  at  0.  2%  by  weight  of  hydrocarbon/ 
millivolt,  i.  e. ,  10%  by  weight  for  fuil  scale  deflection. 
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NOTES  TO  TABLE  HI  AND  TABLE  IV 


For  runs  #19  through  #29,  probe  #2  was  located  in  the  accessory- 
compartment,  aft,  at  7  o'clock,  probe  #4  was  located  in  the  accessory 
compartment,  aft,  at  5  o'clock.  The  probes  were  separated  by  a  dis¬ 
tance  of  18  inches,  and  mounted  horizontal  to  the  longitudinal  axis  i  f 
the  engine.  For  run  #18,  probe  #2  was  located  a*  the  5  o'clock  position 
while  probe  #4  was  located  at  the  7  o'clock  position.  This  probo  sub¬ 
stitution  was  used  to  ascertain  the  reproducibility  of  tiro  two  probes 
when  located  at  the  same  position. 

In  runs  #26  through  #29,  the  injector  nozzle  was  changed  so 
that  a  fuel  leakage  rate  of  1.00  gal/rnin  could  be  attained. 
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NOTT:S  FOR  TABLE  V  AND  TABLE  VI 


Probe  #4  was  located  in  the  accessory  compartment,  aft,  at 
5  o'clock.  The  probe  was  mounted  vertical  to  the  longitudinal  axis 
of  the  engine. 

Probe  #2  was  not  utilized  in  these  runB.  A  thermistor  lead 
from  probe  #2  was  accidc  italiy  broken  during  installation  and  the 
probe  was  thus  i.uoj  arative. 

Run  #40  was  conducted  with  the  blood  valve  closed,  runs  #30 
through  #39  were  conducted  with  the  bleed  valve  opened. 

Probe  #4  was  removed  from  the  engine  and  it.1'  calibration 
checked.  No  change  in  calibration  had  occurred. 
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E.  Discussion  oi  Results 


A  complete  and  detailed  discussion  of  the  results  is  not  feasible 
Without  a  thorough  knowledge  ol  the  jet  engine  operation,  specifically, 
tile  air  flow  pa  the,  flow  rates,  and  leakage  iuol  mixing  charactoriclics 
under  various  engine  conditions  muul  be  known,  This  information  was 
not  available.  A  duiailed  analysis  of  the  data  is  lull  to  those  pornomiol 
wlio  are  experienced  with  the  characteristics  ol  jet  engines,  spot  j  heally 
of  tho  JT-12  engine,  au  iwgards  internal  gas  llow  conditions. 

However,  tin:  data  docs  indued  indicate  that  the  liyilrooarlion  vapor 
probes  operated  satisfactorily  anil  ilid  indeed  dotermimi  the  aetual  con¬ 
centration  of  tim  hydro  oar  mm  vapors  in  the  inunoiliatu  vicinity. 


Uuiih  Hi  through  #R.  indicate  that  relatively  large  niuounto  ol 
Jl-‘-4  vapors  were  present  in  the  accessory  comoartmoot  alter  fuel 
injection.  Tin:  actu.il  vapor  comnintration  being  ji  (unction  ol  the  total 
iuol  injected  an  well  as  the  engine  spend,  temperatui  o,  etc,  However, 
!>y  the  til 1 1 o  the.uo  vapors  reached  the  louvre  area,  they  were  consider¬ 
ably  diluted  to  the  order  ol  0.4%  hy  weight.  This  value  is  considerably 
buluw  the  lower  inilanunabUity  limit  of  ,11  ’-4  (0,  B%  by  vol. ).  '  That  the 
coiicoufrutions  attained  were  at  least  ol  the  right  order  of  magnitude 
was  continued  by  NAEHC  personnel  who  routinely  use  this  JT-12  engine 
in  various  lire  fonts.  NAEEti  personnel  indicated  that  a  lire  cannot  be 
started  in  the  louvre  area,  Ami  ignition  oi  the  fuel  always  occurs  in  the 
accessory  i  omp.irtinont.  lleme,  the  Jl'-4  vapor  concentration  in  the 
louvre  area  must  be  lower  than  O.U%  by  vol.  (-'2.  ti%  by  wmgliL)  and 
greater  than  this  valuu  in  the  accessory  compartment.  The  results 
obtained  witli  thu  tost.  Jl'-'l  probes  are  in  agreement  with  these 
obiter  vations. 


During  actual  fuel  injection,  a  fine  spiny  of  liquid  luel  is  funned, 
evaporates,  and  enters  tlu:  flowing  air  stream  pausing  through  the  engine. 
However,  a  considerable  quantity  of  fuel  is  not  vaporized  and  falls  as  a 
liquid  within  tliu  accessory  compartment.  Thus,  one  or  more  "puddles" 
of  liquid  fuel  are  formed  during  fuel  injection.  Tn  almost  every  run,  the 
results  obtained  show  two  or  more  concentration  peaks  indicating  tho 
presence  of  thesu  "puddles.  "  Tho  first  peak  in  tho  run  is  duo  to  tho 
direct  Bpray  injection  of  the  fuel,  while  subsequent  peaks  indicate  the 
presence  of  puddles.  These  puddles  eventually  run  off  through  a  drain 
provided  in  the  engine  or  are  evaporated  completely  by  the  onrushing 
air  stream.  Hence,  although  actual  fuel  injuction  was  maintained  tor  a 
time  period  not  exceeding  3  5  seconds,  a  considerable  amount  of  hydro¬ 
carbon  vapors  persisted,  due  to  these  puddles,  for  almost  two  minutes. 
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Thun  it  would  nut  bo  exported  that  a  single  hydrocarbon  peak  would 
rcoull,  and  indeed  the  data  volition  this  expectation. 

As  oxio  would  expect,  the  longer  the  time  that  tlio  iucl  is  injected, 
the  groatur  will  be  the  concentration  of  hydrocarbon  vaporn.  For  the 
runt;  in  which  the  monitored  engine  parameters  wiro  kept  mnstunt  and 
the  fuel  Injection  time,  only,  was  varied  (e.  g.  ,  ltunu  1-3),  the  signal 
(peak  signal  an  well  an  total  quantity  of  vapor)  increases  witli  tho  in¬ 
creasing  amount  of  iuul  injected  (sue  Figure  1).  Tho  maximum  j>oak 
signal  increases  approximately  linearly  witli  inert  sing  amount  o£ 
luei. 


Reproducibility  of  tho  probes  under  identical  engine  operating 
and  fuel  Injection  conditions  was  satisfactory,  ltuna  #13  and  #14  wore 
duplicate  runs  using  tin?  aamo  probe.  Although  run  #14  indicatoa  thrue 
peaks  while  run  #13  indicates  only  Wo  (uuo  Figure  2)  maximum  peak 
heights  ioc  run  #13  aro  7.  U'itu  and  4%  by  weight  31*-4  and  tor  run  #  14, 

6.6%  and  3,  6%  1  oapoctivoly.  In  addition,  the  total  amount  of  JP-4 
soon  during  each  run  (tho  a.rua  under  the  curve)  is  almost  idontial, 
i.  o.  ,  172%  llC-noc  for  run  #13  and  I'j3%  llC-uoe  fur  rim  #14.  Tho  fact 
that  three  peaks  are  soon  in  run  #14  vs  only  two  for  #13  in  not  surpris¬ 
ing  In  view  of  thu  difficulty  ill  reproducing  exactly  tho  name  engine 
conditions. 

llunu  #1(1  and  #17  wore  obtained  under  identical  engine  operating 
conditions.  However,  run  #18  was  conducted  with  probe  #2  located  at 
S  o'clock  att  m  Zone  If,  while  run  #17  was  conducted  with  probe  #4  in 
exactly  tho  Miuti  location.  These  two  runs  demonstrate  excellent  re¬ 
producibility  between  probes  under  identical  engine  conditions  (see 
Figure  3). 

Runs  #18  through  #27  wore  conducted  witli  both  probes  located 
in  the  accessory  compartment  aft  at  b  o'clock  and  7  o'clock  respectively. 
Tho  probes  ’wore  separated  by  a  distance  *>f  18  inches.  Using  the  small 
fuel  injector  noafcU  (.421  gallons  per  minute),  the  3  o'^'oek  position 
consistently  ronulta  in  a  higher  JP-4  vapor  concentration  than  the 
7  o'clock  position,  whereas  witli  the  largo  injector  nozzle  (1.00  GPM) 
the  reverse  is  true.  It  would  appear  that  tho  mixing  ratio  as  well  as 
the  gan  flow  pt  th  is  different  for  each  nozzle. 

In  rune  #30  through  #40  the  probe  (only  one  probe  was  used  during 
these  toots)  was  mounted  at  5  o'clock  in  Zone  If  of  the  engine, however  the 
probe  was  mounted  normal  to  the  assumed  gas  flow  stream  contrary  to  the 
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horizontal  position  used  in  prior  runs.  This  relatively  small  change  in 
position  resulted  in  approximately  a  factor  of  four  less  in  signal  (compare 
runs  #30  through  #32  with  runs  #27  through  #29).  This  would  indicate  a 
steep  concentration  profile  of  the  fuel  in  the  gas  stream.  However,  the 
fact  that  the  probe  sensitivity  may  be  directional  cannot  be  rule  out  at 
the  present  time.  Laboratory  tests  have  indicated  that  the  signal  is 
independent  of  the  probe  position.  However,  these  laboratory  tests 
were  conducted  at  moderate  flow  rates  (l-25f/min),  and  further  testing 
at  tire  high  flow  rates  attained  in  an  engine  is  believed  warranted  to 
elucidate  this  effect. 

It  is  important  to  note  that  during  the  performance  of  the  tests 
that  not  a  single  fire  or  explosion  resulted.  Thus  it  can  be  concluded 
that  at  concentrations  greater  than  the  LEL  and  at  environmental  tem¬ 
peratures  up  to  10Q°F  that  the  probe  will  not  initiate  an  explosion  or 
fire.  Indeed,  fire  was  not  attained  even  though  the  probe  itself  became 
saturated  with  sufficient  liquid  fuel  to  actually  wash  off  the  catalyst 
coating  from  the  thermistor  surface.  However,  it  is  strongly  suggested 
that  the  probe  be  further  tested  at  environmental  temperatures  up  to 
bOO°F  to  insure  that  the  probe  will  be  explosion  free  for  actual  deploy¬ 
ment  in  advanced  aircraft  with  a  Mach  3  capability. 

Response  time  of  the  inst*  nent  appears  to  be  limited  only  by 
the  gas  transport  time.  During  these  tests,  a  meter  readout  only  was 
used.  The  time  constant  of  the  eter  is  approximately  2  seconds  full 
scale;  thus  a  fill  scale  response  of  less  than  this  value  cannot  be 
attained.  A  recorder  output  is  provided  with  the  instrument  which 
by  -passes  the  meter.  Using  a  recorder  as  a  readout  which  can  have 
a  time  constant  ol  one  second  or  iess,  the  meter  time  constant  could 
have  been  oliminatad.  Unfortunately  a  suitable  recorder  was  not  avail¬ 
able  during  the  performance  of  these  tests.  The  fact  that  the  response 
time  is  limited  by  the  gas  transport  time  can  be  seen  from  runs  #19 
through  #23.  The  time  for  the  first  peak  signal  decreases  with  in¬ 
creasing  engine  speed  (flow  rate  through  engine).  For  example,  first 
peak  signal  during  run  #19  was  attained  in  .10  seconds  (engine  power  48%) 
while  first  peak  signal  for  run  #22  was  attained  in  5  seconds  (70%  engine 
power).  Considering  that  the  signal-time  data  was  attained  manually 
without  service  of  a  recorder,  an  error  in  the  5  second  increments  of 
+2  seconds  is  quite  probable.  Referring  to  run  #22,  it  is  seen  that  the 
"0"  time  signal,  which  should,  of  course,  be  zero  is  recorded  as  8  mv. 
Since  the  meter  £  s  known  to  have  a  response  time  of  2  seconds,  the 
sensor  response  time  must  be  considerably  smaller,  i.  e. ,  one  second 
or  less. 
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SECTION  III 


SUMMARY  AND  RECOMMENDATIONS 

Prototype  instruments  for  the  detection  of  hydrocarbon  fuel.,  wore 
evaluated  under  simulated  flight  conditions.  These  tests  were  conducted 
at  the  wind  tunnel  facilities  at  NAFEC,  Atlantic  City,  N.  J.  ,  using  a 
Pratt  and  Whitney  JT-12  turboj  pt  engine,  A  complete  data  analysis  of 
the  data  is  not  possible  without  a  thorough  knowledge  of  the  flow  paths, 
mixing  ratios,  etc.  ,  of  the  gas  stream  within  the  engine.  Nevertheless, 
the  data  indicate  that  the  hydrocarbon  fuel  detectors  operated  extremely 
satisfactorily  under  actual  aircraft  engine  operating  conditions. 

The  sensitivities  of  the  prototype  instruments  have  been  shown 
to  be  more  than  adequate  for  delecting  10%  of  the  lower  inflammability 
limit  of  J  P-4  (0.  8%  by  volume  or  ~2.  8%  by  weight).  An  easily  readable 
signal  of  0.  5  mv  on  the  meter  readout  corresponds  io.t/1%  by  weight  of 
JP-4.  This  value  is  approximately  0.  3%  of  the  lower  inflammability 
limit  of  JP-4.  Still  higher  sensitivities  ara  possible  by  '.imply  increas¬ 
ing  the  supply  voltage  to  the  bridge  circuit.  A  control  is  provided  for 
this  purpose.  The  minimum  detectable  quantities  for  the  prototype 
instruments  are  estimated  to  bo  less  than  2%  of  the  LEL  for  JP-6. 

(The  hydrocarbon  fuel  for  which  the  instruments  were  originally 
intended.  ) 

Thu  response  and  recovery  times  of  the  sensors  are  independent 
of  concentration,  and  by  bypassing  the  readout  meter  and  using  the  re¬ 
corder  output  a  response  time  of  less  than  1  second  can  b"  achieved. 

Although  the  prototype  instruments  operated  satisfactorily  during 
the  wind  tunnel  tests,  there  arc:  several  areas  which  should  be  investigated 
prior  to  the  development  of  final  instrumentation.  These  are: 

1.  Saturated  concentration  of  hydrocarbon  at  100°F  in  the  presence 
of  a  large  excess  of  oxygen  did  not  explode  or  ignite  when  in  contact  with 
the  hot  catalytic  surfaces  of  the  thermistor  probes.  Nevertheless,  tests 
using  '  irocarbon  vapors  a,  concentrations  greater  than  the  LEL  and  at 
arnl'ic-*  temperatures  up  to  650°F  should  be  conducted  to  confirm  that 
the  probes  will  not  initiate  an  explosion  aboard  advanced  aircraft  with 
a  Mach  3  capability. 
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2.  A  difference  in  signal  of  approximately  a  factor  of  four  was 
achieved  when  at  the  same  engine  location  the  probe  was  mounted  in  a 
vertical  position  as  compared  to  a  horizontal  position.  It  is  not  known 
at  tbe  present  time  whether  this  signal  was  actually  due  to  a  concentra¬ 
tion  gradient  or  due  to  the  probe  sensitivity  being  directional.  A  lack 
of  directionability  was  demonstrated  during  laboratory  tests,  but  such 
tests  were  performed  at  gas  flow  velocities  much  lower  than  those  en¬ 
countered  in  the  engine.  Therefore,  it  is  recommended  that,  the  probe 
should  be  tested  at  various  angles  to  the  flowstream  and  at  flow  rates 
comparable  to  those  within  an  aircraft  engine  to  determine  whether 
this  effect  does  exist  and  to  characterize  the  effect  if,  indeed,  it  is 
present. 

3.  In  only  one  instance  did  a  break  in  the  thermistor  lead  wire 
occur.  This  break  occurred  due  to  mishandling  while  inserting  tho 
probe  ir.  the  engine.  No  malfunction  of  the  probes  or  the  control  boxes 
occurred  during  actual  engine  operation.  Nevertheless,  it  is  recom¬ 
mended  that  the  probe  be  ruggedized  by  a  redesign  of  the  thermistor  and 
cable  connectors,  to  prevent  such  an  occurrence  in  the  future. 

4.  In  one  instance,  the  catalyst  was  found  to  have  been  physically 
removed  from  the  thermistor  surface  due  to  "washing"  by  liquid  hydro¬ 
carbon  fuel.  Thin  effect  can  be  prevented  by  using  suitable  baffles  or  by 
using  a  porous  metal  plug  in  place  of  the  perforated  plate  of  tho  present 
probes.  It  is  believed  that  this  change  will  eliminate  any  "washing" 
effect;  however,  such  an  arrangement  may  affect  the  response  time  as 
well  as  probe  directionality.  The  effect  of  such  a  change  on  these 
parameters  should  be  investigated. 
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PART  II 


DETECTION  OF  OXYGEN  VIA 
OSMIUM  KRYPTONATE 


PART  II 


SECTION  I 
INTRODUCTION 

During  the  initial  phase  of  this  contract,  a  brief  investigation  was 
conducted  to  determine  if  the  Kryptonate  technique  could  be  developed 
into  an  instrument  for  the  detection  of  hydrocarbon  and  oxygen  vapors 
aboard  advanced  aircraft.  From  prior  work,  ^  it  wa3  known  that  JP-6 
fuel  could  be  detected  with  platinum  dioxide  Kryptonate  at  concentrations 
as  low  as  0.  01  percent  by  volume  at  ambient  temperatures  from  0°F  to 
750°F,  However,  preliminary  results  obtained  during  the  contract  indi¬ 
cated  that  the  detection  of  oxygen  via  the  Kryptonate  technique  would  re¬ 
quire  a  considerable  effort.  This  effort  would  be  involved  not  with  the 
general  technique  itself,  but  rather  would  require  the  development  of  a 
specific  sensor  for  oxygen  which  would  be  capable  of  continuous  opera¬ 
tion.  A  number  of  candidate  materials  were  investigated  as  to  their 
ability  to  detect  oxygen.  Such  materials  as  copper,  zinc,  carbon  and 
boron  Kryptonates  were  found  to  be  unsatisfactory  due  to  either  the  for¬ 
mation  of  protective  oxide  layers  (e.  g.  ,  copper  oxide  on  copper)  or  be¬ 
cause  of  the  extremely  high  sensor  operating  temperatures  required  foi 
adequate  sensitivity  (e.  g. ,  boron  required  an  operating  temperature  of 
1800°F). 

Because  of  the  lack  of  a  suitable  Kryptonate  sensor  for  oxygen, 
the  catalytic  combustion  technique  was  selected  to  be  developed  into 
prototype  instruments  for  the  detection  of  hydrocarbons  and  oxygen. 
However,  the  thermistor  oxygen  sensor  had  become  more  complex  than 
originally  anticipated,  and  utilization  of  a  Kryptonate  sensor  appeared 
to  be  ultimately  more  attractive.  Hence,  supplementary  funds  were 
allocated  for  further  evaluation  of  this  technique. 

The  most  likely  candidate  material  for  the  detection  of  oxygen 
appeared  to  be  osmium  Krygtonate.  Osmium  is  a  fairly  hard  metal 
with  a  melting  point  of  4900  F.  Osmium  will  react  with  oxygen  directly 
at  392°F  to  form  the  oxide,  osmium  tetroxide,  OsO^.  This  oxide  is 
volatile  at  214°F  and  hence,  at  the  formation  temperature,  ot  raium 
tetroxide  would  be  continuously  vaporized,  leaving  a  clean  metal 
osmium  surface  for  further  unimpeded  reaction  with  oxygen.  -> 
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Instrumentation  based  on  this  technique  would  consist  of  a  sensor 
cell,  counting  chamber,  pump  and  associated  electronics.  The  sensor 
cell  containing  the  Kryptonate  can  be  located  directly  within  the  com¬ 
partment  of  interest.  The  ambient  gas  is  drawn  through  the  sensor  cell 
and  then  through  the  counting  chamber  by  means  of  the  pump.  Reaction 
cf  the  gas  of  interest  (hydrocarbon  vapors  or  oxygen)  with  the  Kryptonate 
occurs  in  the  sensor  cell  releasing  Krypton-85.  The  effluent  activity 
released  is  detected  by  means  of  a  radiation  detector  mounted  in  a 
chamber  (the  counting  chamber).  The  signal  from  the  radiation  de¬ 
tector  can  be  read  directly  on  a  meter  in  gas  concentration  units  or  can 
bo  used  to  actuate  an  alarm  at  predetermined  alarm  concentrations. 

This  pari  of  the  report  is  concerned  with  the  preparation  and 
evaluation  of  osmium  Kryptonate  as  a  potential  oxygen  sensor  for  use 
aboard  advanced  aircraft. 


SECTION  II 


TECHNICAL  DISCUSSION 
A.  Preparation  of  Osmium  Kryptonate 

There  are  two  general  techniques  by  which  Kryptonates  can  be 
prepared,  viz.  ,  ion- bombardment  and  high-proSBure,  high- temperature 
diffusion.  Both  these  techniques  were  employed  in  an  attempt  to  pre¬ 
pare  homogeneous  osmium  Kryptonalo. 

1.  Ion- Bombardment 

Kryptonates  can  be  prepared  by  ion  bombardment  with 
krypton  ions  under  the  influence  of  a  potential  drop.  From  prior  work^ 
it  was  known  that  if  the  solid  is  heated  to  high  temperatures  during  the 
actual  bombardment  process  that  much  higher  specific  activity  and 
greater  penetration  can  be  achieved  and  therefore  a  relatively  more 
homogeneous  Kryptonate  results.  This  high- temperature  bombardment 
process  had  been  conducted  with  wires.  Considerable  modification  of 
the  ion- bombardment  system  was  necessary  in  order  to  heat  the  osmium 
powder  during  bombardment. 

The  standard  ion-bombardment  system  was  modified  to  accom¬ 
modate  a  heater,  osmium  powder  container  and  water  jacket.  The  final 
system  developed  is  shown  in  Figure  4.  This  system  enabled  the  osmium 
powder  to  be  heated  to  temperatures  approaching  600  C  during  actual 
bombardment. 

Over  25  runs  wore  conducted  with  this  system  using  various 
pressures,  bombardment  voltages,  currents,  time  and  osmium  powder 
tomperaturcs.  In  general,  the  specific  ictivity  of  the  resulting  osmium 
Kryptonate  increases  witli  increasing  powder  temperature,  as  well  as 
with  increasing  bombardment  current.  The  highest  specific  activity 
attained  by  ion- bombardment,  was  0.  16  microcuriea/milligram.  This 
activity  level  was  attained  at  a  bombardment  voltage  of  3  kilowatts, 
bombardment  current  of  0,4  milliamps,  a  pressure  of  1.  5  microns 
and  a  source  temperature  of  600  C. 

Approximately  100  milligrams  of  osmium  Kryptonate  could  be 
prepared  in  a  single  ion- bombardment  run.  This  amount  oi  material 
was  sufficient  for  evaluation. 
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Figure  4.  Ion  Bombardment  Apparatus 


The  ion-bombarded  prepared  Kryptonate  was  evaluated  using  a 
typical  gas  flow  test  system  capable  of  providing  concentrations  from 
0-40%  O^.  The  sensor  material  (Os-Kr^)  we  s  placed  in  a  quartz  tube 
which  could  be  heated  to  temperatures  up  to  1000°F.  Kryptonateo  pre¬ 
pared  at  the  higner  specific  activity  levels  (0.  1-,  lbpc/mg)  showed  ex¬ 
cellent  initial  response  and  sensitivity  (5  sec  and  1200  counts  per 
minute  per  %  O2);  however,  the  signal  rapidly  decayed  with  time  in¬ 
dicating  that  homogeneity  had  not  been  achieved.  Despite  numerous 
attempts  at  attaining  deeper  penetration  .levels  of  Kr”  within  the  osmium 
particles,  osmium  Kryptonate  prepared  by  ion-bombardment  consistently 
proved  to  be  unsatisfactory.  Even  though  specific  activities  ultimately 
attained  were  of  the  same  order  of  magnitude  as  those  Kryptonates  pre¬ 
pared  by  the  diffusion  technique  (see  below),  the  degree  of  homogeneity 
achieved  (as  measured  by  the  life  of  the  source)  was  considerably 
poorer.  As  a  result,  detailed  evaluation  as  to  temperature  dependency, 
concentration  dependency,  etc.,  was  not  conducted  with  osmium 
Kryptonate  prepared  by  ion- bombardment. 

2.  Diffusion 

Kryptonates  can  be  prepared  by  a  high-pressure,  high- 
temperature  technique.  The  sample  is  placed  in  an  autoclave  which  is 
then  pressurized  with  5%  Kr^  in  krypton  gas.  The  autoclave  is  then 
heated  to  temperatures  up  to  500°C.  Under  these  conditions,  and  given 
sufficient  time,  krypton-85  gas  will  diffuse  into  the  sample  forming  a 
Kryptonate. 


In  general,  the  amount  of  krypton-85  retained  by  the  sample 
will  be  an  exponential  function  of  temperature,  linear  with  pressure 
and  will  depend  on  the  square  root  of  time. 

For  a  high-melting  material  such  as  osmium,  the  temperature 
is  limited  to  a  maximum  of  500°C  which  is  the  structural  limit  of  the 
available  autoclaves.  The  pressure  is  limited  by  the  amount  of  krypton-85 
available  (1  liter-atm)  and  the  packing  volume.  Thus  the  only  parameter 
that  can  be  increased  without  limit  is  the  time.  Unfortunately  this  is  a 
half-order  dependency;  thus  in  order  to  double  the  specific  activity,  one 
must  quadruple  the  time. 

A  number  of  diffusion  preparations  were  conducted.  The  early 
preparations  were  conducted  with  krypton-85  gas  supply  which  had  been 
in  use  for  several  years.  A  number  of  long  runs  at  maximum  preparation 
conditions  (500°C,  3000  psi,  3-4  weeks)  resulted  in  specific  activities  of 
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0.  00’  jj.  c/mg  to  0,  003  fic/mg.  These  levels  were  not  sufficient  to  detect 
oxygen.  It  v.as  known  that  the  total  activity  of  the  krypton- 85  gas  supply 
had  been  reduced  over  the  past  years.  This  gas  had  been  and  indeed  is 
still  sufficient  for  the  preparation  of  many  various  Kryptonates.  However, 
if  this  gas  supply  had  been  contaminated,  particularly  with  oxygen,  then 
this  contamination  coupled  with  the  decreased  specific  activity  of  the  gas 
would  account  for  the  inadequate  osmium  Kryptonates  which  had  been 
prepared. 

A  new  krypton-85  gas  supply  was  obtained  and  was  utilized  for 
all  subsequent  preparation  of  osmium  Kryptonates.  The  specific  activities 
of  the  Kryptonates  attained  and  the  preparation  conditions  are  shown  in  the 
table  below. 


Table  VII 

Osmium  Kryptonate  Preparation  by  Diffusion 


Run 

Temperature 

°C 

Pressure 

(psi) 

Time 
(hr  s) 

Specific  Activity 
(p  c/mg) 

1 

400°C 

2000 

122 

0.  019 

2 

4G0°C 

2000 

355 

0.  035 

3 

5U0°C 

2200 

353 

0.  140 

4 

50G°C 

2200 

670 

0.  201 

From  the  above,  it  can  be  seen  that  under  the  same  conditions 
of  temperature  and  pressure,  the  specific  activity  varies  as  the  square 
root  of  the  duration  of  the  run  (the  time). 

Although  the  resulting  specific  activity  was  of  the  same  order  of 
magnitude  as  that  obtained  via  ion-bombardment  (0.  16  |x c/mg)  the  degree 
of  homogeneity  (as  will  be  discussed  below)  was  considerably  improved. 

B.  Results 


The  results  discussed  below  were  obtained  using  the  test  system 
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the  system.  The  essential  element  of  this  system  is  the  sensor  cell. 

This  cell  is  a  quartz  tube  containing  the  osmium  Kryptonate.  Glass  wool 
packing  was  uEed  to  prevent  loss  of  the  sensor  powder.  A  wire  wound 
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EXHAUST 


Figure  5.  Oxygen  Detection  System 


heater  was  used  to  heat  the  sensot  to  the  desired  operating  temperature. 
The  temperature  of  the  sensor  was  constantly  monitored  by  means  of  a 
thermocouple.  Flow  rates  and  mixing  ratios  were  determined  using  cali¬ 
brated  flowmeters  and  controlled  by  fine  metering  valves.  An  Amperex 
Geiger  counter  (Type  18505)  mounted  in  a  60  cc  chamber  was  used  to 
monitor  the  effluent  activity.  The  readout  mechanisms  consisted  of  a 
Nuclear  of  Chicago,  Model  1620,  ratemeter  and  a  Bauschand  Lorab 
V.  O.  M.  -  b  recorder. 

1.  Sensitivity 

A  relatively  simple  Kryptonate  detection  system  was  used  to 
evaluate  the  osmium  Kryptonate.  The  effluent  activity  released  from 
the  quartz  sensor  cell  containing  the  Kryptonate  was  detected  using  an 
end  window  Geiger  tube  mounted  in  a  60  cc  volume  chamber.  Even 
with  this  relatively  low  efficiency  counting  chamber  (approximately  4% 
efficionl),  sensitivities  adequate  to  cover  the  desired  range  of  oxygen 
concentrations  (0  to  40%)  were  attained. 

Figure  6  presents  the  results  attained  with  a  Kryptonate  of 
specific  activity  0. 140  pc /mg  operating  at  a  temperature  of  750°F.  The 
sensitivity  ol  the  Kryptonate  at  this  temperature  and  with  the  counting 
apparatus  employed  is  1000  cpm/1%  O^.  Since  the  response  is  limiar, 

«t.  concentration  of  40%  O^,  40,  000  cprn  would  be  attained.  If  it  were 
i,  ''Saary ,  tins  sensitivity  could  be  easily  increased  by  increasing  the 
counter  efficiency  (20%  efficiency  cun  be  obtained  with  pancake  G.  M. 
tubes)  or  by  increasing  too  specific  activity  of  the  sensor,  (with  the 
osmium  Kryptonate  of  0.  ZOi  |.w;/mg  a  sensitivity  of  1500  cpm/1%  Oo 
v/*s  Attained),  I  hue  the  sonuilivity  of  the  osmium  Kryptonate  is  moio 
tlift>„  adequate)  to  cover  the  oxygon  concentration  range  of  interest.  With 
the  r«iati\i«ly  simple  laboratory  apparatus  used  in  tlioao  experiments, 

Vhis  sensor  can  detect  0.  1%  oxygen.  This  lower  limit  can  be  increased 
without  difficulty  by  at  iuast  a  factor  cl  ten. 

Using  the  laboratory  tun*’  system  depicted  in  Figure  5,  ro- 
'  s'  nsvi  .hues  «U\i*,od  wore  ol  the  ardor  of  5  seconds  The  response 
lima  appeared  to  bo  limited  only  by  too  gas  flow  r  to  and  counting  chambe 
\j%.ins,.  ThUf»,  with  aunt.')  distances  boFvacn  the  sons  or  cell  aiv(  die 
rovs*'  .'g  chamber,  a  email  volun  e  counting  clurmbor  (2i)cc)r  and  vdtli 
tups*  flow  v*  <>«  (ii  f /m*ri'-  response  times  oi  the  order  of  1  second 
Idiuim1  hv  ve^Uited. 
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2.  Temperature  Dependency 


The  response  of  the  osmium  Kryptonate  shows  an  Arrhenius 
temperature  dependency.  The  variation  of  effluent  activity  released  with 
temperature  at  a  constant  oxygen  concentration  of  1%  is  shown  in  Figure 
7.  The  response  of  the  osmium  Kryptonate  can  then  be  completely  des¬ 
cribed  by  the  equation 


-10.  6  x  103 

KCPM  =  7.  3  x  106  02  e  T 


(1) 


where  KCPM  is  the  effluent  activity  released  in  thousands  of  CPM 

C>2  is  the  oxygen  concentration  in  % 

T  is  the  temperature  in  degrees  Kelvin. 

The  activation  energy  for  this  system  is  thus  21  Kcal/molo 
(10.  6  x  103  x  R,  where  R  is  the  molar  gas  constant). 

From  Eq.  (1)  the  temperature  coefficient  of  the  response 
signal  can  be  approximated  by 


AKCPM 

KCPM 


-10.  b  x  10 


3  AT 


or,  at  an  assumed  operating  temperature  oi  672°K  (7 50' ' !•’) , 


(2) 


AKCPM 

KCPM 


-  .023b  AT. 


(3) 


Thus  the  count  rate  will  increase  by  ais  much  as  10%  with  a 
temperature  increase  of  only  4UK.  It  is  apparent  that  temperature 
control  of  the  sensor  is  extremely  important. 


3.  Sensor  Lifetime 


The  sensor  lifetime  is  dependent  on  a  number  of  factors 
such  as  temperature,  reaction  efficiency,  flow  rate,  etc.  One  of  the 
most  important  of  these  factors  is  the  degree  of  homogeneity  of  the 
Kryptonate.  If  the  depth  of  penetration  achieved  during  the  Kryptonate 
preparation  is  very  shallow,  then  the  effluent  activity  released  on  re¬ 
action  with  a  constant  gas  concentration  will  not  be  constant,  but 
rather  will  decrease  with  time. 

A  measure  of  the  degree  of  homogeneity  is  the  time  for 
which  the  effluent  activity  released  is  constant  during  reaction  with  a 
constant  gas  concentration.  This  parameter  can  be  expressed  in  terms 
of  concentration-time  units  (ct).  Thus,  for  example,  a  particular  sen¬ 
sor  life  can  be  expressed  as  10%  Og-min.  This  would  indicate  that  tlio 
sensor  would  operate  continuously  for  10  min  at  a  i'%  oxygon  concentra¬ 
tion,  for  5  min  at  a  2%  oxygen  concentration,  etc.  In  actuality,  the 
signal  continues  for  a  longer  period  of  time  than  indicated  by  the  ct 
value;  however,  for  time  periods  greater  titan  the  value  determined 
by  the  ct.  value,  the  sensitivity  decreases  as  a  function  of  time.  The 
ct  values  presented  in  inis  report  were  obtained  only  when  the  effluent 
activity  released  at  a  constant  oxygen  concentration  was  constant  with 
time. 


In  the  table  below  are  presented  U).o  concantration-tiu  ti 
values  attained  for  v  irious  osmium  Kryptojmtoe,  Tiiewe  results  wtiml 
attained  using  the  apparatus  previously  described  with  a  total  flow  rata 
thruugh  thw  sensor  cell  of  0,  5  liter* /minute.  The  *#a#or  call,  waw 
loaded  with  1.  U  grams  of  omnium  .Uxyptonattii* 

Table  VUl 

Concentration- Time  Value* 


Specific 

Activity 

llflifltgi 


Operating 


Temperature 


.  03b 


7b0 


Ouuc«ntvaUu:U“T 

(%  Oy-nibi) 

■MMituMM  . . . 

5.0 


Kryptonate 
l.Jre|M  ration 


.  140 

7  50 

.  201 

\ 

7  50 

.  201 

COO 

2<m  0  .3 

31.1  'f 

4  > 


SSI 


1 40. 


The  depth  of  penetration  and  hence  the  degree  of  homogeneity 
is  expected  to  be  dependent  on  the  square  root  of  the  time  oi  Kryptonate 
preparation.  That  this  is  true  can  be  seen  from  the  results  attained  with 
Kryptonato  sensors  3  and  4.  These  sensors  were  prepared  under  the  same 
conditions  of  temperature  and  pressuro;  however,  the  preparation  time 
for  run  4  was  1.  9  times  as  long  as  run  3  (eeo  Table  VII).  Hence  it  would 
bo  expected  that  the  degree  of  homogeneity  (the  ct  value  at  the  same 
operating  temperature)  for  Kryptonate  4  would  be  1.38  higher  than  for 
run  3.  The  actual  value  is  1.30,  which  is  in  excellent  agreement. 

In  addition,  the  degree  of  homogeneity  should  be  an  exponential 
function  of  the  temperature  of  preparation.  Kryptouato  rex;  Z  was  con¬ 
ducted  at  400l'C  while  T.ryptonatu  run  3  was  conducted  At  Both 

rune  were  conducted  at  approximately  tho  nam«  pressure  and  for  the  same 
lung'd,  of  time.  Thu  ct  values  should  thou  be  in  the  same  ratio  an  their 
specific  activities.  The  v  dual  ratios  obtained  differ  by  only  20%  (4.0  fu.v 
specific  activity  vs  4,  8  for  ct  values).  This  d^fjhreucu  can  bu  attributed 
in  part  to  UacD'oAJud  counting  efficiency  for  Ivr  Wtao  lying  *>t  greater 
depth*  into  the  suriucw  of  th»  Os  pui Uclo  tat  A  rooult  of  attenuation  of 
the  b«Us  by  th*  covering  Os  foyer. 

At  n  mm*  or  operating  temperature  ui  730’ V,  th«  life  of  the 
coll  was  Approximately  30%  minute,  'Tima,  the  call  would  last  for 
30  in, inutile  it  Vh*  HvufAgo  unnt’enl ration  was  1%  0%  during  linn  lime  period, 
ur  the  cell  would  J.hsl  for  3  mUuiNvs  U'  ihe  Average  0(>  cuooenli uiion  was 
Id'i'i.  ,ll y  vedt.cihg  l.hw  operating  tumpA^alure  to  f't'Oo.V  iJ,w  Hi*,  of  thv  cull 
is  ijicrsArtftd  to  i40,;/»  fX.-min,  Slum!  Vim  rattcimn  rAt*  duninAi.e*  by  a 
irtevor  ot  ten  over  this  t or  ipcratvu  lotsr v*i  (*«k»  Figure  V),  U  would 
be  •apsclad  that  Uio  llfccllme  at  t»00°I<‘  wouid  approach  300%  Mg  •■min, 

This  distirepanuy  is  buhevim  to  be  due  to  x)fp*u imoutal  tutors,  parti- 
•eufoviy  in  the  actual  Uiupmatiu;*  values. 

If  l,n  ap Jiuio.ii,  il,(»v  lh«,  ,’lfsV.m*  O'  tho  lo.uiii*  can  be  in, 
by  i»if;rot,nlvg  its  homoguhwity.  Conoid*' ling  the  long  preparation  limns 
.'iaq'tuod.  tain  is  host  a<(tMs4i'fpush«d  by  ,‘ao»  rasing  tiie  KrypniunU  yi-ryttis, 
yiiou  liusiperatur w.  Wight-*'  pt'spsrgttor,  t«nipeniiu'"»*  ran  be  achieved  Uy 
litiiituag  xpucial  sutn'jfovmi  andi  ttv  cold,  wall  AvO  -Slave*  wrtli  internal 
hosdors,  Such  an  Approach  would  require  a  vousiderahlv  umUifU aluun 
of  eha  ptecact  Wx  ypLvunt,*  Apparatus,  but  such  apparatus  Is  well  within 
tho  jjinMini  gttoi*i«‘;>J.  lint-art.  An  ltU’VQAue  in  ywpa  laVloii  tompitratm  a  ul 
eniy  U.'0wi»’  above  the  ppesnul  maximum  of  S'iO'hJ,  would  result  In  a 
vhewrsUcai  invrwiiu  in  iiin*  wdpsh  of  poiM.it. i,*y  *  Utclur  of  is. 
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Assuming  that  the  present  degree  of  homogeneity  achieved  is  quite  low, 
(less  than  20%),  then  a  J0Q°C  higher  preparation  temperature  would  pro¬ 
duce  a  considerably  more  homogeneous  source.  It  would  be  expected  that 
one  gram  of  such  a  source  operated  at  a  temperature  of  600UF  would  have 
a  lifetime  of  the  order  of  1000%  O-,- minutes. 

4m 

This  lifetime  could  bo  further  inc  reased  by  increasing  tho 
amount  of  osmium  Kryptonalo  in  the  sensor  cell.  Ec  onomic  (high  cohI 
of  osmium)  c -i  well  as  technical  factors  (pressure  drops)  would  limit 
the  quantity  luat  can  bo  used.  However,  it  would  appear  that  an  in¬ 
crease  in  material  to  at  least  i>  grnirtB  would  bo  practical.  This 

should  result  in  approximately  an  additional  factor  of  5  increase  in  tho 
lifetime.  Thus  alternate  lifetimes  of  the  order  of  5000%  Oj, -min  should 
be  possible, 

4,  Detection  of  Oxygon  in  tho  Presence  of  Jl’  6 

lly  panning  the  oxygon  containing  tout  Hlrusm  through  a 
column  of  liquid  JP-6  fuel,  a  saturated  vapor  coin  eutratlim  of  JP-6 
(0.  6%  by  weight)  could  be  attained  simultaneously  with  various  oxygon 
ooncent.vtttious .  Tho  uffad  of  liydrocarbou  vapors  on  the  osmium  oxygon 
reaction  could  then  bo  auco rtainod.  Uwp«*atu<l  lusts  coiuluctod  in  fl  lu 
manner  indicated  no  ch«u.(o  in  response*  ui  tho  osmium  Kvypt muilo  to 
oxygon,  i.  o.  ,  tho  simulUmoous  presence  of  .1 1  *- 0  tuoi  at  0,  (>%  by  wtilgl.'l 
and  oxygon  did  not  dotnclub.ty  affecl  the  response  oi  tho  omnium  iiryp 
tonato  tu  oxygen  In  tho  concentration  range  of  intercut. 


SECTION  III 


SUMMARY  AND  RECOMMENDATIONS 

An  investigation  to  determine  the  applicability  of  the  radio¬ 
chemical  exchange  technique  using  osmium  Kryptonate  for  detecting 
oxygen  in  the  ullage  space  of  fuel  tanks  aboard  aerospace  flight  vehicles 
'van  conducted. 

Osmium  Kryptonate  prepared  by  the  diffusion  technique  showed 
excellent  response  and  sensitivity  to  oxygen.  The  effluent  activity  re¬ 
leased  from  the  Kryptonate  sensor  was  found  to  be  directly  proportional 
to  tlie  oxygon  concentration,  and  at  a  constant  oxygen  concentration,  was 
found  to  be  an  exponential  function  of  temperature.  Sensitivities  adequate 
to  cover  the  oxygc.i  concentration  range  of  interest  (C.  5%-40.  0%  (T>  v/v) 
ware  attained  at  a  sensor  operating  temperature  of  600°F.  The  simul¬ 
taneous  presence  of  JP-6  .tool  at  0.  b%  by  weight  and  oxygon  did  not 
delectably  affect  the  response  of  the  osmium  Kryptonate  to  oxygen 
in  the  concentration  range  of  iniorost. 

Thu  lifetime  of  the  sensor  is  depend cuit  mainly  on  the  uogreu  of 
homogeneity  of  the  source.  Lifetimes  attained  during  this  investigation 
wo  10  of  the  order  of  140%  O^-  min  to  300%  O^-min.  This  lifetime  is 
be li iiv ml  inadequate  for  the  intended  application.  Uowavur,  at  least  a 
lac  lor  oi  2b  increase  in  lifetime  is  projected  by  increasing  the  homo¬ 
geneity  uf  tiie  ikiui  co  ami  by  incroaHiiip  the  amount  of  osmium  used  in 
tiie  sensor  cell.  The  homogeneity  of  the  source  is  bust  iuci  eased  by 
employing  higher  tompdraluror  in  the  Kryptonate  preparation  process. 
This  would  raquiiu  cunsidertiblu  modification  of  the  present  preparation 
app..  rail's. 

based  ou  tlie  above  results,  it  iu  r eccnmiondud  that; 

1.  Uumium  KrypL.nat<  be  prepared  at  temperatures  of  tiio  order 
of  7lH)°C  and  for  preparation,  times  of  the  order  of  700  hours.  This  would 
greatly  Increase  too  degree  of  homogeneity  Xnd  hours  inci'iiaso  the  operat¬ 
ing  It t «.  iiuch  an  uifv*  t  would  require  thw  use  oi  spoviwl  auuiclavos  Uiat 
would  he  capable  uf  wHunW  tiding  the  higher  temperatures  at  tlir  normal 
preparation  pl  easures  (■'•'2t)di*  yji). 
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2.  The  effect  on  the  overall  detection  system  as  a  function  of 
increasing  amount  of  osmium  Kryptonate  be  ascertained.  Larger  amounts 
of  osmium  Kryptonate  in  the  sensor  cell  will  also  increase  the  lifetime. 
However,  (his  will  result  in  increased  pressure  drops  and  subsequent 
difficulties  in  the  gas  flow  system.  The  importance  of  this  effect  and 

the  actual  increase  xn  iifelmm  with  Increasing  amount  of  osmium  Kryp¬ 
tonate  should  be  ascertained, 

3.  If  the  pressure  within  the  ullage  space  of  the  fuel  is  expected 

to  bo  other  than  1  atm,  then  the  total  pressure  dependence  of  the  Kryptonate 
sensor  should  be  determined.  It  would  be  expected  that  the  sensitivity  of 
the  sensor  would  vary  directly  as  the  oxygen  partial  pressure  only  and  be 
independent  of  the  total  pressure ;  however,  this  should  be  verified. 
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This  report  covers  two  separate  and  distinct  efforts  mandated  with  the 
evaluation  of  hazardous  vapors  aboard  advanced  aircrun.  Part  1  is  concerned  with 
an  experimental  evaluation  of  prototype  instruments  based  on  a  catalytic  oxidation 
technique  for  the  detection  of  hydrocarbon  vaporB  abourc  advanced  aircraft.  Two 
hyd  ro  car  bon  vapor  probes  were  placed  in  the  engine  coznpurtm  onts  oi'  a  JT-lrl  engine 
housed  in  a  wind  tunnel.  The  response  of  the  probes  to  controlled  leakages  n( 
fuel  under  varying  engine  operating  conditions  was  ascertained.  The  prototype  in¬ 
struments  operated  completely  satisfactorily.  Ruproducibiu  results  under  identical 
engine  operating  conditions  were  attained.  Response  times  wen  of  the  urdoi  of  .  wo 
seconds  and  the  lower  limit  of  detection  waB  approximately  0.  3%  ot  the  lower  in¬ 
flammability  limit  for  JF-4.  Part  11  is  concerned  with  the  evaluation  oi  osmium 
KryptonnteiP *  for  the  detection  of  oxygen  in  the  ullage  space  of  fuel  tanks  aboard 
advanced  aircraft.  Sensitivities  adequate  to  (.over  tin:  oxygon  ccutcuntralion  range 
of  intereel  (0.  !>%  -  40,0%  Ggv/v)  were  attained  at  a  sensor  operating  temperature  of 
600°F,  The  response  of  the  sensor  to  oxygen  was  independent  of  JlJ-6  vapor  con¬ 
centration..  /.LUotiiiios  attained  during  this  investigation  were  of  the  order  oi  140% 

Cj  -  miu.  to  300%  <  '2 —  min.  Methods  for  increasing  tliis  lifetime  are  ind:  aisd  " nd 
are  witliin  the  present  state-of-the-art. 
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